Figure 1. Lengthening of Telomeres by Human Pot1 Expression Plasmids
(A) Five splice variants of human POT1 (hPOT1) have been characterized, and the resultant proteins vary in their ability to bind telomeric DNA in vitro [11] . The three variants used in these experiments are shown here. Variant 2 had the greatest affinity for telomeric DNA, followed by variant 1 and 3, in that order. The black boxes indicate protein sequence derived from alternative exon usage. (B) Telomere lengths in HT1080 clones expressing hPOT1 variants. hPOT1 splice variants 1-3 were subcloned into pIRESneo and pIRESpuro vectors (Clontech). In all experiments analyzing hPOT1 transfectants, cells were also transfected with pCIneo (Stratagene), pIRESpuro (Clontech), or pPUR (Clontech) vectors as a control. Cells were transfected with 5 g plasmid DNA by using Fugene-6 transfection reagent (Roche) as previously described [22] . Colonies were picked after 2 weeks of selection on Geneticin (G418 sulfate, Roche) and/or puromycin (Calbiochem) and were maintained in appropriate drug selection thereafter. Terminal restriction fragment (TRF) length analysis was performed as described [12] . 5/10 subclones, compared with 2/10 subclones for variure 1A). Variant 1 encodes the full-length protein, while variant 2 is predicted to encode a protein missing the ant 3. These proportions were similar to that seen with the HT1080 parental culture. However, variant 2 had no C-terminal half of variant 1. Variant 2 has a greater DNA binding affinity, yet its effects were less consistent than detectable effect on HT1080 neo-4 (0/10 clones had elongated telomeres). In light of this variability, splice those of variant 1; so, it appears that the C-terminal portion of the latter may facilitate telomere elongation. variant 2 was not examined in some of the subsequent experiments. Nevertheless, we conclude that hPOT1
Variant 3 encodes more of the C terminus than variant 2, yet it is less effective at telomere elongation. Variant has the ability to lengthen telomeres in the telomerasepositive HT1080 cell line and in a clone of HT1080.
3 is also the most inefficient at binding telomeric DNA [11] . Therefore, it seems that telomere elongation by An explanation for the differences in activity between hPOT1 variants may lie in protein domain structure (FighPOT1 may To confirm that hPOT1-mediated telomere lengthening is telomerase dependent, we expressed hTERT and hPOT1 together in GM847 cells. We have previously generated GM847 clones expressing hTERT and have shown that exogenous expression of hTERT reconstitutes telomerase activity in these cells and can lengthen the shortest telomeres [14] . For this study, we transfected GM847-hTERT cells with each of the hPOT1 splice variants or a vector control. RT-PCR analyses verified that the resulting clones all expressed hTERT and that the hPOT1-transfected clones expressed hPOT1 mRNA (not shown).
We found that hPOT1 increases the efficiency of hTERT-induced telomere lengthening in GM847 cells. The PCR-based TRAP assay for telomerase activity was performed as described [23] , except that products were stained with SYBR Green I (Molecular Probes) and were visualized with a Storm 860 imager (Molecular Dynamics). Myogenin DNA (0.1 fg) with TRAP primer flanking sequences was used as an internal control in each reaction [24] . Protein lysis buffer was used as the negative control (LB). For each clone, 10-fold serial dilutions of protein lysate were used in the activity assay. The dilution at which telomerase activity is undetectable can be used to compare telomerase activity between clones. For both vector control and hPOT1-transfected clones, telomerase activity was undetectable only at the highest dilution. Therefore, there was no significant difference in telomerase activity after the addition of hPOT1. [14] . GM847/hTERT-6 was stably transfected with empty vector or hPOT1 variants in a puromycin-selectable plasmid. The telomere lengths in the resultant clones were analyzed by pulse-field gel electrophoresis and TRF analysis [12] . Only two empty vector control clones had telomeres elongated by the reconstituted telomerase activity; this frequency is similar to that seen previously with GM847/hTERT-6 (unpublished data). However, most clones expressing hPOT1 variants had elongated telomeres (indicated by a "ϩ"). Therefore, hPOT1 is able to increase the efficiency of hTERT-induced telomere lengthening in GM847 cells. 
